ABSTRACT
INTRODUCTION
Proper planning and operation of the electricity network is vital for integrating sustainable energy technologies with the dependable services society desires. The Supergen FutureNet consortium was established in 2003 to research the future form of the electricity network. The challenge that faced the consortium was very significant: it encompassed the search for engineering solutions to the technical problems of a high reliance on renewable energy resources, the development of economic ideas that support renewable energy, analysis of the social acceptability of engineering solutions and the exploration of scenarios for the far future of the electrical energy system. The interdependences of the challenges and the interdisciplinary nature of the work call for flexibility, imagination and careful co-ordination of effort from the many contributors.
After the four-year first-phase, the consortium has been renewed as FlexNet. The key challenge identified is how a network can be evolved that is flexible enough to cope with changes in the scale, technology and geographic location of generation which can not be foreseen in detail whilst being based on assets with service lifetimes of several decades. The flexibility may cover major increases in bulk renewables to support electric vehicles and low carbon buildings.
FutureNet
FutureNet is a consortium of universities researching Future Network Technologies able to support a sustainable energy policy for the UK.
A sustainable low carbon pattern of energy use requires: renewable sources of energy efficient means of harvesting that energy efficient and secure means of transmission and distribution efficient end use and a regulatory and market framework that encourages the sought-after behaviour of businesses and people.
FutureNet concentrates on one specific aspect: an electrical power network that supports and encourages renewable energy sources while providing the standards of service that customers expect.
Our challenge has been two fold:
• to devise and construct an electrical system able to cope with the future and to do so at a cost that does not jeopardise the overall objectives and • to devise a form of regulation and market that encourages customers, wholesalers, generators and system operators to behave in a way that promotes sustainable energy use
Interdisciplinary Research
The programme has brought together researchers from a wide variety of backgrounds, institutions and disciplines and the interaction between those that may not otherwise have engaged has produced some surprising insights. FlexNet builds on the achievements of FutureNet and lays out the major steps -technical, economic, market design, public acceptance and others -that will lead to flexible networks, including starting to showcase these so that they can be taken up by the commercial sector, government and regulators for practical implementation.
The 
» Deliberative Engagement
FutureNet provided inputs to the UK government's Energy Review, the UKERC assessment of Intermittency, evidence to select committees of parliament and submissions to consultations by the UK regulator OFGEM and FlexNet will continue this service.
At the heart of FlexNet is a research programme to underpin a major change in the design and operating philosophy of networks. The analysis and verification studies that are underpinning this will be published in 
FlexNet Beginnings
The consortium's new group of research staff are just beginning their work at a time when the electricity network is at a crucial stage in its history. Many of the assets fall due for replacement soon after decades of use and their replacements must last perhaps forty years. The future patterns of generation and use of electricity are so uncertain that the replacements must be very flexible and adaptable. Most of that flexibility must come from new approaches to network control but there will also be a role for new equipment. Among the crucial questions to be addressed are:
what control is needed?
how will the investment in the new network be initiated?
how will investment in future flexibility be initiated in time?
how will people react to proposed changes in the technology, location and service quality?
An important focus of the FlexNet programme is to devise approaches which will improve the ability of networks to be flexible in the face of a wide number and range of uncertain future scenarios.
The diagram below shows the structure of the FlexNet programme:-
The FlexNetTeam
FlexNet consists of a consortium of nine universities as shown below. In addition there are a number of industrial sponsors (also shown below) who are providing both material support and direct input and guidance
The Future and FlexNet teams have published many hundreds of papers and journal articles, produced books and book chapters presented at a large number of events around the world and jointly arranged conferences and seminars such as "Thinking Networks" and "International Interconnections" to name but two.
Further information and access to published papers, presentations and videocasts are available via the consortium websites www.Futurenet.org.uk www.flexnet.org.uk
Skills
The achievement of many of the changes in networks necessary to support a low carbon infrastructure will be significantly dependent on the availability of highly-skilled and experienced individuals. FutureNet and FlexNet are making a significant contribution to the pool of such individuals by the large number of PhD students whose research is being supported by the programmes the support provided to both senior and more junior academics to improve their understanding within their particular specialisms.
Links to SmartGids
The name FlexNet provides linkage to the first FutureNet programme whilst recognising the distinctive aspects of the work now to be done, and 'Thinking Networks' strapline emphasises the consortium's intention to both' think about networks', and to develop networks that can 'think' for themselves.
The work undertaken by the FlexNet and FutureNet programmes will contribute to the development of SmartGrids in many ways. In particular technically, by devising practical innovations approaches and systems that will aid the establishment and future operation and control of electrical transmission and distribution systems by outlining market structures and methods of operation, together with appropriate regulatory frameworks that will incentivise efficient investment and ongoing management of networks and other related aspects by deepening the understanding of how people respond to the need for infrastructure investment brought about by policies to encourage a low carbon approach
